Vitamin A together with testosterone (T) and FSH play an essential role in regulating spermatogenesis. Androgens and Vitamin A act through specific nuclear receptors: AR, retinoic acid receptors (RAR-α, β, γ). Present study aimed to investigate relationship between expression of RAR-α and AR in the initiation of spermatogenesis during puberty in conditions of neonatal hormonal manipulation. Experimental model of neonatal treatment with diethylstilbestrol (DES), GnRH-antagonist, T was used. Immunostaining for RAR-α and AR; 121-point counting were applied. Absolute nuclear volume (ANV) was estimated for Sertoli (SC), germ cells (GC) and their subtypes. At onset of puberty (d18) over expression of RAR-α was evident in SCs after DES-10 but not GnRHa treatment. Co-administration of T+DES restored the normal pattern of weak immunoreactivity. An opposite model of expression was seen for AR -loss of expression after DES but not GnRHa application and recovery by T-therapy. Similar reduction was found for spermatogonial ANV in both groups, whereas ANV of spermatocytes (Sc) is reduced in greater extent by DES (10x) than GnRHa (6x). Preleptotene (Pl), leptotene (L) and zygotene (Z) stages was also more affected by DES than GnRHa. Sertoli cell support toward spermatocytes (Sc/SC ratio) was more affected by DES (4x decrease) than GnRHa (2x) and the same tendency is found for Pl/SC and L-Z/SC. In conclusion, data suggest possible interplay between retinoid and androgen signaling in Sertoli cells in the differentiation of male germ cells. The anti-androgenic effect of estrogens on meiotic germ cells is probably mediated by augmentation of RARα expression.
Introduction
Vitamin A together with testosterone (T) and FSH play an essential role in regulating spermatogenesis. Androgens (testosterone and 5α-dihydrotestosterone) control the development, differentiation, and function of male reproductive system. Androgen action is mediated through specific nuclear receptor -androgen receptor (AR) and in the testis AR is localized in Sertoli, peritubular and Lydig cells, but not in germ cells (5) .
In addition to playing a fundamental role in very diverse processes such as vision and the growth and differentiation of numerous types of cell, vitamin A (retinol) and its principal biologically active derivative, retinoic acid, are clearly involved in the regulation of testicular functions. An excess of vitamin A leads to testicular lesions and spermatogenetic disorders, whereas deficiency induces early cessation of spermatogenesis and adversely affects testosterone secretion (7) . Retinoids appear to exert their action on the three main testicular cell types (Sertoli, germinal and Leydig cells), as they act on the signaling pathways. Vitamin A acts through two families of retinoid receptors, retinoic acid receptors (RAR) and retinoid X receptors (RXR), each with three subtypes α, β and γ, localized in the testis (3, 4) . Mice mutant for retinoic acid α receptors and retinoid X β receptors are sterile. Having in mind the important role of both androgens and vitamin A, the aim of the present study is to investigate relationship between expression of RAR-α and AR in the initiation of spermatogenesis during puberty in conditions of neonatal hormonal manipulation.
Materials and Methods
We used experimental model for manipulation of neonatal hormonal environment by treatment with: DES-10 µg in 20µl corn oil on days 2, 4, 6, 8, 10 and 12; antagonist of gonadotrophin-releasing hormone (GnRHa) -10mg/kg in 20µl 5% mannitol on days 2 and 5; co-administration of 10 µg DES and 200 µg testosterone-propionate (TP) and 20µl corn oil (vehicle) as control. Rats from all treatment groups were subsequently sampled on day 18 (early puberty). Immunohistochemistry for RAR-α and AR was applied. In situ detection of germ cell apoptosis by TUNEL method (10) (2) . We estimated absolute nuclear volume (ANV) for Sertoli cells (SC), germ cells (GC) -spermatogonia (A-Sg, In and B-Sg) and spermatocytes (Sc) including preleptotene (pL), leptotene and zygotene (L+Z) and pachytene (Ph), as well as the ratios of GC/SC. Comparison of the different parameters of the various treatment groups was made using Student's t-test.
Results and Discussion
Exposure to estrogens during neonatal life is reported to cause delayed development of the testis and permanent impairment of spermatogenesis in adulthood that adversely affect total germ cell (GC) and Sertoli cell (SC) population (1) . Neonatal administration of estrogens suppressed FSH production at the time when this hormone is essential for initiation of spermatogenesis at puberty. For that reason the negative effect of estrogens were attributed to suppression of gonadotropin secretion during the treatment that result in inhibition of testosterone (T) production by Leydig cells, as well (9). On day 18 in the control group GC development proceeds to the late pachitene stage of meiotic prophase-I. The lumen was observed in most seminiferous tubules. There were seen single apoptotic cells.
Very weak immunoreactivity of RAR-α was found in Sertoli cells, some peritubular and Leydig cells ( Fig. 1) . Over expression of RARα was prominent in perinuclear region of Sertoli cells after treatment with DES-10 but not GnRHa. Coadministration of testosteron with DES restored the normal pattern of weak immunoreactivity. An opposite model of expression was seen for ARloss of expression after DES but not GnRHa application and recovery by therapy with testosteron ( Fig. 2) that corresponds to results of other collectives (6) .
Estrogen administration might interfere with androgen production or action in addition to activating estrogen receptor (ER) -mediated pathways.
This both possibilities would fundamentally alter the androgen/estrogen balance by lowering androgen action and elevating estrogen action.
Suppression of androgen production and action (expression of AR) is an integral part of the mechanism via which estrogen effect male reproduction (1) . DES-10 induced changes in AR expression were paralleled by changes in Leydig cell volume per testis (91% reduction than control) (8) . Germ cell apoptotic index was evaluated at similar extent in DES and GnRHa treated rats corresponding to equal reduction of plasma T and FSH levels (data not shown). Quantitative analysis on day 18 revealed that both treatments (DES and GnRHa) caused similar reduction (3 times) by spermatogonial absolute nuclear volume, whereas nuclear volume of spermatocytes is reduced in greater extent by DES (10 times) than GnRHa (6 times) (Fig. 3A) .
Differences between mean values of were significant that implied the direct estrogen action on meiotic germ cells. The similarities in the action of high levels of estrogen and those induced by GnRHa (both treatments inhibit T-production by Leydig cells) indicate that gonadotrophin suppression is involved in indirect mechanism of action of DES. Both treatments caused more pronounced reduction in advanced types of spermatogonia, In and B (80%) than in A-Sg (35%) (Fig. 4А) .
Among the spermatocytes, leptotene-zygotene stages were most sensitive to different hormonal treatments and the effect of DES (13-fold decrease in ANV) was significantly more severe than those of GnRHa (8-fold decrease) ( Fig. 5-A) . Preleptotene stage was also more affected by DES (8 fold) than GnRHa (3.5-fold). The Ratio spermatocytes/spermatogonia decreased in larger extent in DES (3.4 times) than GnRHa (twice) comparing to control.
A.
B. The function of Sertoli cells to support germ cells, known as efficiency of spermatogenesis, was evaluated by estimation of ANV of germ cells per unit Sertoli cell ANV. Supporting function of Sertoli cells toward total germ cell (TGC) population was significantly suppressed by both treatments and in DES animals this reduction was more pronounced (2 times lower than control) than GnRHa (1.5times) (Fig. 3B) . The ratio between spermatogonia and Sertoli cells were equally reduced in both experimental groups whereas Sertoli cell support toward spermatocytes was more affected by DES (4-fold decrease) than GnRHa (twice) (Fig 3B) and the same tendency is found for pL/SC and L-Z/SC ratios (Fig. 5B) . Our data suggest direct action of estrogens on GC (Sg and Sc) rather than indirect mechanism via SC and their supporting function. Sertoli and germ cells were reported to express ER-β and the direct adverse effect of high estrogen levels on functional maturation of SC was demonstrated by Sharpe et al. (10) .
Conclusions
Our data suggest possible interplay between retinoid and androgen signaling in Sertoli cells in the differentiation of germ cells, particularly spermatocyte development. The anti-androgenic effect of estrogens on meiotic germ cells is probably mediated by augmentation of RAR-α expression. 
